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(57) [Abstract] 

[Problems to be Solved by the Invention] 

dry type silica silica dispersion of novel where usefuU 
stability is high as starting material of abrasive and coating 

agent is offered to starting material. 

[Means to Solve the Problems] 

Dispersing pulverization dry type silica particle 5--30 
weight% of (preferably 80 nm or less ) under average particle 
diameter 100 nm to the polar solvent, with silica dispersion 
which becomes, dispersing dry type silica particle of range 
ofD.2 - 100;mu m to polar solvent, it can acquire silica slurry 
whichbecomes under average particle diameter 100 nm it 
pulverizes with , it opposescollides with . 



[Claim(s)] 
[Claim 1] 

Dispersing pulverization dry type silica particle 5-30 
weight% under average particle diameter 100 nm to polar 
solvent, the silica dispersiono which becomes 

[Claim 2] 

silica dispersiono which is stated in Claim 1 where pH is 8 or 
more 



[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

this invention regards silica dispersion. 

Furthermore details dry type silica in starting material, are 
something which offers silica dispersion of novel where 
usefuK stability is high as starting material of the abrasive 
and coating agent. 

[0002] 

[Prior Art] 
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[0003] 
[0004] 



[0005] 

±. ±mmzisi^x^B:<Dp.m<&^). cty* 

[0006] 

t:m^tLxm7m^^xm'm^i^xi'^i^^ 

[0007] 

fey . Stt^t?fcSct;b<^3}c^tiS4^#tt:'t7x 
/N-cDSfSSI-^ IC (DWeWlz^ffl-Cfe^i!:* 

[0008] 



Until recently, when grinding semiconductor wafer — which 
is represented in the silicon and in order to grind insulating 
layer etc in IC production process, silica dispersion is used as 
abrasive. 

[0003] 

silica dispersion it is used in addition, from until recently, 
paper for hard coating agents inkjet for eyeglass lens or 
other plastic and coating agent> for transparency 
furthermore, as antiblocking agents glass fiber or other 
adhesion aid^ emulsion and wax or other stabilizer of 
various film as starting material. 

[0004] 

As this kind of silica dispersion, colloidal silica which 
designates silicon acid soda as starting material was 
representative. 

Namely, because it synthesizes colloidal silica, in liquid 
phase, does not dryand is that way produced, with silica 
dispersion which quite shows high stability, it is useful in 
above-mentioned application. 

[0005] 

However, above-mentioned colloidal silica is a margin of 
improvement on the production method, in productivity, 
productivity is well acquired, development of the siHca 
dispersion where at same time stability is good is desired. 

[0006] 

Vis-a-vis above-mentioned demand, in aspect of productivity, 
bumingis made neutralizing dry type silica^ silicon acid soda 
which in acid hydrogen flame with silicon tetrachloride as 
starting material, you called precipitation silica and gel 
method silica which itmakes, hydrolysis doing in water 
containing organic solvent of alkaline or acidic with the 
alkoxide of so-called wet type silicax or silicon as starting 
material, sol-gel method silica whichit makes is superior, 
silica dispersion which uses this silica is observed, 

[0007] 

Especially, dispersion which uses dry type silica in purity of 
silica being profitable vis-a-vis colloidal silica, is high purity 
and it is thoughtthat it is useful in abrasive of semiconductor 
wafer — which is required and abrasive of IC. 



[0008] 

In addition, wet type silica which is made with precipitation 
with silica where productivity is very good, can think of 
production of silica dispersion thing which can be executed 
profitably in industrially. 
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[0009] 

[0010] 

*r-*TtiiLfc>>u*STi^i±A<5i@(ciis^-r^ 

[0011] 

5-338 mz^miy^y-ji^m^mf)^ inm' 

0.3 <iJiA± 3 <iJslT(Z)$£5$;4T*S!ii$tifc»7K 



[0012] 

[0013] 
[0014] 

[PSi^«?*^Sfcifta)*S] 



[0009] 

[Problems to be Solved by the Invention] 

But, as for above-mentioned dry type silica^ wet type silica^ 
or sol-gel method silica, because itis acquired with 
agglomerated state, this dispersibility it disperses to solvent 
well being difficult, with conventional method there is not 
report where average particle diameter acquires silica 
dispersion under 100 nm. 

[0010] 

Because of that, using these silica, because as for silica 
dispersion which isproduced, stability is bad unconditionally, 
settling of silica happens with several days, it is not a 
practical. 

Especially, wet type silica, because at time of silica 
production reaction, silica particle which was precipitated in 
solution connects to firm, obtains the silica dispersion which 
is stabilized, it is difficult . 

[0011] 

In regard to aqueous dispersion of above-mentioned dry type 
silica, surface silanol group density per 1 nm^ dispersed 
anhydrous silicic acid which is produced with dry method of 
0.3 or more 3 or less to aqueous solvent aqueous dispersion 
composition of anhydrous silicic acid which is madefeature is 
disclosed in Japan Examined Patent Publication Hei 5-338 
number. 

If in this, surface silanol group density is not put in 
above-mentioned range, particle does settling, viscosity 
becomes extremely high, gelation problem which is done is 
pointed out. 

[0012] 

Therefore, with above-mentioned aqueous dispersion 
composition, because said condition issatisfied, if it does not 
dry silica before dispersing and does notdo surface treatment 
with such as silane coupling agent if operation becomes 
troublesome,there was a problem that productivity is bad. 

[0013] 

Therefore, as for objective of this invention, in 
above-mentioned background, it is to offer silica dispersion 
and its manufacturing method which are superior in storage 
stability which is acquired making use of dry type silica. 

[0014] 

[Means to Solve the Problems] 

these inventors repeated diligent research in order to achieve 
above-mentioned objective. 
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*ji^^$¥tS)«il^fiA< lOOnm *jS(C$t;-|«fiiL 
[0015] 

in*..*^BJ(i,5Fl^a^.S lOOnm *ISrot» 
I^SjCv'J*^^- 5~30 fia%$SBttj#j«lc5J- 

[0016] 

TtiM^4^rL^-5A^\ lOOnm *a<0|!i^$iESil= 
BI-DCP)^fflt^r;H^L/i:«S¥i9l!i?■g 

■efe-5. 



-So 

[0017] 



[0018] 

^^iy^mtm&^v^^UK^z.t\zM. ttm 

SftA<fccfc-e 50--500mVg <7)S5ffl(7)v'J^A<# 
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As a result, average particle diameter silica dispersion which 
is pulverized, gelation doesnot do aforementioned silica 
particle where above-mentioned average particle diameter 
islarge to under 1 00 nm at time of retaining long period, 
settling of storage stability^ silica particle does not happen, it 
is superior in settling stability (Below, even stability it is these 
simply),discovering , this invention it reached to completion. 

[0015] 

Namely, this invention, dispersing pulverization dry type 
silica particle S-'SO weight% under average particle diameter 
100 nm to polar solvent, is silica dispersion which becomes. 

[0016] 

Furthermore regarding to this invention, average particle 
diameter of pulverization dry type silica in silica dispersion is 
something which was measured with particle size analyzer . 

Those which utilize various principle are marketed in particle 
size analyzer , but the particle under 100 nm is measured 
accurately, it is necessary tochoose device. 

Regarding to this invention, above-mentioned average particle 
diameter is weight average particle diameter which was 

measured making use of particle size analyzer (Brookhaven 
supplied > BI-DCP ) of the centrilligation settling type optical 
transmission method. 

In addition, scanning electron microscope and transmission 
electron microscope of high resolution are used, adequacy of 
measurement result of above-mentioned particle size analyzer 
can be verified by . 

[0017] 

[Embodiment of the Invention] 

Regarding to this invention, as pulverization dry type silica 
particle which forms the silica dispersion, is acquired by 
known method milled product of dry type silica which it 
isused without especially restriction. 

Furthermore pulverization referred to here not only 
meaning,of shattering silica particle which consists of strong 
aggregated particle also pulverization anddispersion in sense 
that cohesion of silica particle which consists of mild 
aggregated particle is undone are meant. 

[0018] ■ 

Above-mentioned dry type siHca, generally, burning in acid 
hydrogen flame, isacquired silicon tetrachloride. 

Generally, also fumed silica is named. 

As for dry type silica specific surface area silica of range of 
approximately 50- 500 mVg is acquired by changing 
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lis fcJ:-?- 5^50nm (DmmV&^t<. fiSi* 1 
[0019] 

[0020] 
[0021] 

lOOnm *;l-c?fc;tx(S.$^14lcfei^riai^?J!i 
^*^»-r'5^<.!t#(C.lS¥i$)il^^gA< 80nm 

[0022] 
[0023] 

[0024] 

Jtli. . 5-30 fi«%0ffiHr*feSo 
[0025] 



manufacturing condition. 

primary particle diameter of silica which is calculated is range 
of theapproximately 5-50 nm from specific surface area, but 
usually it exists as agglomerate of 1 ;mu m or greater. 

[0019] 

There was not an example which exists in sihca dispersion 
dry type silica as thepulverization dry type silica particle 
which is pulverized to under 100 nm from untilrecently, silica 
dispersion which disperses silica particle of this kind of l;mu 
m extent to polar solvent, had problem that stability quite is 
bad. 

[0020] 

There being a this invention, it succeeded in obtaining silica 
dispersion where the stability which is not former by 
pulverizing under average particle diameter 100 nm with the 
said dry type silica as starting material, is high. 

[0021] 

silica dispersion of this this invention, if average particle 
diameter is under 100 nm, shows higheffect in stability, but 
especially, said average particle diameter is 80 nm or less, it 
isdesirable . 

[0022] 

silica dispersion which designates dry type silica as starting 
material, because starting material is high purity, is useful as 
abrasive or other various abrasive etc for abrasive ^ IC of 
silicon wafer which high purity are required. 

[0023] 

Regarding to this invention, if it is a polar solvent which silica 
is easy todisperse as polar solvent which forms silica 
dispersion, there is not especiallyrestriction. 

As this polar solvent, water is representative. 

It can utilize methanol and ethanoK isopropanol or other 
alcohols V ethers > ketones or other polar solvent in addition 
to water, but it is good evenwith mixed solvent of water and 
above-mentioned polar solvent. 

Furthermore, stability and dispersibility of silica particle trace 
addition it is gooddoing boundary surfactant and polar solvent 
etc in order to improve. 

[0024] 

concentration of pulverization dry type silica in silica 
dispersion of this invention, isrange of 5 - 30 weight%. 

[0025] 

By way, with colloidal silica which was made with colloidal 
silica and sol-gel method which designate silicon acid soda as 
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[0026] 

[0027] 

[0028] 

stLtfi^j!)^, v'j*»ife>afl) pH i*.3~ii <Dm 

[0029] 

ZZX\ ±^:t>M\ttit. iy'JMil-mmcD'p 
«!^^BS 47-26959 lC^r$tlf=:^/4$ffiffl-ri) 

liJ|!4*fcl*'>'J*^i-ltt;«l=ffitcilzJ:y, 
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Starting material, average particle diameter is alreadyknown 
as for those under 1 00 nm, but these have almost had the 
uniform shape of spherical shape where silica particle of 
onC'by-one becomes independent, it is a feature . 

Vis-a-vis this, as for silica dispersion of this invention, 
because it is somethingwhich pulverizes dry type silica where 
fine particle coheres, as for silica particle in said dispersion 
nonuniform shape which has some distorted unevenness is 
feature. 

particle form which is this kind of feature is utilized, colloidal 
silica you canexpect also application and effect which differ 

with . 

[0026] 

Regarding application as for example abrasive, improvement 
etc of polishing speed isassured in polishing property it is 
possible and it is profitable. 

[0027] 

You can verify that silica in above-mentioned silica 
dispersion is thepulverization silica, particle form is observed 
making use of scanning electron microscope and transmission 
electron microscope of high resolution by . 

[0028] 

Other properties of silica dispersion of this invention 
especially is notrestricted. As for pH of sihca dispersion, 
range 3 - 1 1 is general. 

[0029] 

silica dispersion in this invention using basic aluminum 
chloride, etc does cation modified, it ispossible . 

Here, by fact that silica particle surface at least sheath does 
part the cation modified, making use of metal oxide other than 
silica, method whichis shown in for example Japan Examined 
Patent Publication Sho 47-26959 as this method, can be used. 

particle surface silica dispersion which is electrified in 
positive is manufacturedis possible by administering to dry 
type silica starting material or silica dispersion whichuses this 
kind of treatment, with this invention. 

Above-mentioned treatment is done with acidic domain, but 
silica dispersion of the this invention stability shows 
characteristic even in acidic solution where pH changes 
stability persistent does also silica dispersion which is 
acquired. 

[0030] 

manufacturing method of silica dispersion of this invention 
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[0031] 
[0032] 

g lOOnm ^miZ^X'^^-^mU=b<DX'htHt 
!»#lc$iJ|S^tL-r.-ISl3. 0.2-100// m ©liSffl 

[0033] 



*tl»Iffi?gi?x-vh-t»»«<!:P¥l*tiTl^5mS5(D 
[0034] 

*7.7'J-$*DE-ri>Ci:lcJ:oTt±i 
[0035] 

w^mt. mmiz^^x^immm^^'p^ 
iz^ff)mmst^^^tt>i>ztitv^tj:i\^ 



[0036] 



m^ti. i&ms.tnt sookgfW &.±. n^L< 

\t 800kgf/cm^ ia±, $b(-!ff*L<li 
1200kgfW 1U±CD«^. ta«^^*^Dli!L^^&S 

*t|S]fli35-r^lS0)v'J*X7U-<D«j5§ 
li 100m/|!»il±. $blC}f*L<(i 150m/|jMa± 
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especially is not restricted. Below-mentioned method is 
recommended. 

[0031] 

Namely, dispersing dry type silica particle to polar solvent, 
silica slurry which becomes itopposes collides with it can 
produce silica dispersion under average particle diameter 100 
nm it pulverizes with . 

[0032] 

particle diameter in said silica slurry is not restricted, if they 
are millable ones tounder average particle diameter 100 nm, 
especially, generally, those of range of 0.2 - 100;mu m are 
used for ideal. 

[0033] 

Regarding to this invention, opposition collision of silica 
slurry condition which pulverizes dry type silica in size under 
average particle diameter 1 00 nm is adoptedwithout 
especially restriction. 

Generally, you can use for ideal commercial device which is 
called theopposition impingement jet mill as device which 
satisfies this condition. 

[0034] 

Opposition impingement jet mill, it leads to outlet side in 
basic silica slurry ispressurized with , said slurry diverges in 2 
channel, furthermoremakes channel narrow it is a device 
which flow rate accelerates with, pulverizes silica 
agglomerate in said slurry it opposes collides with. 

[0035] 

As for milling condition which uses this kind of opposition 
impingement jet mill, becausevarious device constant and 
efficiency differs with machine type , or because with kind of 
silica slurry which is used efficiency of pulverization itdiffers, 
it is not possible unconditionally to decide processing 
condition. 

[0036] 

Becomes generally, as for grinding efficiency because it 
depends on treatment pressure,also extent grinding efficiency 
where treatment pressure is high high. 

As for for example treatment pressure when 500 kgf7cm^ or 
more and above preferably 800 kgf/cm^,furthermore it is 
above preferably 1200 kgf/cm^, treatment where grinding 
efficiency ishigh is possible. 

Tn addition, when opposing colliding impact velocity of silica 
slurry 50 m/second or more^ preferably 100 m/second or 
more,, furthermore is preferably 1 50 m/second or more as 
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[0039] 

i-fijffl-ri)a>ic(iaiLTi^*. 

[0040] 

*^B^lcJba^r, ->'j^X7'J-<D;SSii, so 

«*%WT, if*L<(*30lM%liLT,$t)(Ciff 
*L<I* 20 mfi%)ilTA«5f *LL^o 

50 fiS%^SK.-S<S:, X^iJ-»jSi!lt4*^S4S 
lcS<'S-5)f=4':>ffl!!aA<Sjil='S-51®lolA<feS, 
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relative speed, it is desirable . 
[0037] 

Furthermore, it chooses number of times which treats silica 
slurry with theopposition impingement jet mill, from range of 
1 - several tens of times it is possible . 

[0038] 

As description above silica slurry diamond is adopted ideally 
in orderto hold down wear of material as material which 
forms portion which accelerates and/or collides. 

When representative example of this kind of device is 
illustrated concretely, the tradename; Microfluidizer^ of 
tradename; Nanomizer> micro sieve D. make of 
Nanomizer Ltd. make and al T. my the— etc of Sugino 
machine make can be listed. 

As for device which was illustrated at description above in 
eachcase because it is a flow-through type, as for silica 
dispersion which is removed with the outlet side because once 
pulverization, it means to receive pulverization ordispersion 
or other treatment, in point where uniformity is high, 
issuperior unlike ultrasonic dispersing and homogenizer or 
other batch type. 

[0039] 

In addition, pulverization, pulverization or dispersing are 
done with the high efficiency, mixture of impurity quite is 
httle, in order even in the large scale processing applicable, to 
utilize in industrially such as thing, it issuitable. 

[0040] 

Regarding to this invention, as for concentration of silica 
slurry, 50 weight % or lessv preferably 30 weight % or lesss 
furthermore preferably 20 weight % or less is desirable. 

When it exceeds 50 weight%, because flow property of slurry 
becomesextremely bad, there is a tendency where treatment 

becomes difficult. 

Furthermore, if average particle diameter after pulverizing 
becomes small, if the concentration of extent or silica slurry 
which becomes becomes high, because the flow property of 
extent silica slurry which becomes decreases treatment 
becomesdifficult. 

In that kind of case, you can adopt method that again it treats 
the starting material slurry where slurry concentration is low 
first with method of this invention andafter lowering 
viscosity, adding silica gradually, increasing the slurry 
concentration, applies method of this invention. 

[0041] 
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•J-(D pH ^ 8 Ja±. * bIZjf *L<fi pH ^ 9 m 
[0042] 

(i. vU:bX^U-(D pH $ 8 i^I±<tL/cvU:b^^ 
iciSli. SB#rBl»aLT*,. fci>LMi$b(cT;U 

[0043] 

X5^;U7S>. ^h^>5^;i-7>^-'t7A/\>rK^ 
[0044] 

7>lU:^UCD;Sj!lDa(i. pH j^—^-V pH 

^5tSL^i:A^bd/^4-fo7;U:^'J^;SAD-rtil±* 

iBU S*4l?;iev'j:^(7)-;^J*4^?l75< 35nm i^U 

TT?. X5'J*-;ISA< 10 afi%J^X±c7)vU:^X 
^U— ■ei*.7;U:^U$-;fe^)Pt'^<!:^^MbLTpH 

(c pH $;»i:^"rtiiiat^o 

[0045] 

[^B^CD^S] 

tS)3pl^ti lOOnm *;1ICD|»B!^l?:5EvU**4^^ 



[0046] 

immm] 



Regarding to this invention, regarding to above-mentioned 
method, furthermore, silica slurry case where it opposes 
collides pH of silica slurry 8 or more* furthermore 
preferably pH is designated as 9 or greater, furthermore silica 
dispersion where storage stability is superior is acquired 
hasdiscovered with , 

[0042] 

Namely, with conventional dispersing method dispersing pH 
of silica slurry, in 8 or more always stability it could not 
acquire silica dispersion in long term. 

Vis-a-vis that, with when method of this invention is adopted, 
as for silica dispersion which designates pH of silica slurry as 
8 or more, the lengthy standing doing even when or 
furthermore adding alkali, as for the phenomena which 
reaggregation it does it was not seen. 

[0043] 

You can use kind of alkali those of public knowledge 
withoutrestriction such as what. 

for example lithium hydroxide* sodium hydroxide* 
potassium hydroxide* anmionia* trimethyl amine and 
triethylamine* tetramethyl ammonium hydride etc can be 
listed. 

[0044] 

If addition quantity of alkali, usually while verifying pH with 
the pH meter, at a time trace adds alkali, it is good. 

However, primary particle diameter of starting material dry 
type siHca being 35 nm or less, slurry concentration with the 

silica slurry of 10 weight % or more, when alkali is added, 
gelation doing, there aretimes when it cannot measure pH. 

In that kind of case, after if lowering viscosity of said slurry 
the silica slurry it opposes collides with , pH is measured, it 

isgood. 

[0045] 

[Effects of the Invention] 

In order to understand firom explanation above, dispersing 
thepulverization dry type silica particle under average particle 
diameter 100 nm of this invention, it is somethingwhere as for 
silica dispersion which becomes, long period leaving, settling 
of gelation and silica particle does not happen, is superior in 
storage stability* settling stability. 

[0046] 

[Working Example(s)] 

Below, listing Working Example of this invention, you 
explain concretely, but the this invention is not something 
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»JIS$;t^S*(D■eli^^l^o 
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which is restricted with these Working Example . 
[0047] 

With method below, dry type silica of starting material and 

silica dispersion which wastreated were analyzed. 

[0048] 

It measured making use of specific surface area meter 
(Shimadzu Corporation (DB 69-055-8747 ) make, FlowSorb 
II ) of (specific surface area ) BET equation. 

[0049] 

(average particle diameter ) average particle diameter 
measured weight average particle diameter making use of 
particle size analyzer (Brookhaven supplied^ BI-DCP ) of 
centrifugation settling type optical transmission method. 

In addition, shape of silica particle in silica dispersion which 
was treatedmaking use of scanning electron microscope 
(JEOL make and JSM-6400F ) of high resolution, and 
adequacy of value of theabove-mentioned particle size 
analyzer were verified. 

[0050] 

(storage stability and settling stability ) storage stability silica 
dispersion which was treated doing, gelation until the flow 
property is gone, inspected days. 

[0051] 

In addition, settling component which it occurs 1 month 
period standing later weighing it did settling stability, it 
showed with weight% for silica portion of initial stage. 

[0052] 

(Measurement of pH ) pH of silica dispersion which was 
treated was measured makinguse of pH meter (Horiba Ltd, 
(DB 69-053-7410 ) make, M-13 ). 

[0053] 

It measured viscosity of (Measurement of viscosity ) silica 
dispersion with 20 deg C making use of the B type viscometer 
(Tokimec Inc. (DB 69-053-7014 ) make. Model BL ). 

[0054] 

said silica Ig adding it dispersed well (Measurement of 
surface silanol group density ) dry type silica 3 hours vacuum 
drying later,vis-a-vis dioxane 30 ml which dehydration is 
done with 120 deg C. 

Next, it agitated Li Al H4 and including dioxane 10 ml which 
dehydration oflO.3 g is done in glass erlenmeyer flask of 25 
ml, surface silanol group and Li Al H4 of silica it reacted 
furthermore including above-mentioned silica dispersion 1 
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ml. 

hydrogen which is formed with reaction quantification was 
done making useof gas chromatography. 

When hydrogen molecule 1 occurs vis-a-vis surface silanol 
group 1 assumption it did, itcalculated surface silanol group 
density (unit; /nm^ ) other way making use of specific surface 
area which issought. 

[0055] 

Working Example 1 

dry type silica (Tokuyama Corporation (DB 69-057-1716 ) 
make; Rheorosil QS-IO^ specific surface area;138m^/g ) 
inserting 360 g and deionized water 2640g in poly canister of 
5 liter, you stir with rod, preparatory mixing was done with . 

silica slurry of paste which it is possible thrice was treated 
with treatment pressure 700 kgf/cm^> collision relative speed 
105 m/sec making use of opposition impingement jet mill 
(Nanomizer make; Nanomizer^ LA-31 ). 

Furthermore, total process time of thrice was 45 min. 

Result of analysis is shown in Table 1 . 

[0O56] 

As for slurry concentration as for 12 wt%^ viscosity as for 
1 5.8 cP^ average particle diameter with 78 nm, itwas a 
uniform silica dispersion of milky white which has some 
transparent sense where particle size distribution ofrange of 
40 - 90 nm is narrow. 

In addition, until gelation happens, days they were 13 
days,but it shakes well, flow property recovers was light 
gelled state with. 

[0057] 

Furthermore, when silica after starting material silica and 
treatment is observedwith scanning electron microscope, 
especially you did not observe change of shape of primary 
particle in pre- and post- treatment. 

[0058] 

Working Example 2^3 

treatment pressure other than making 1000 kgf/cm^s 
collision relative speed 140 m/sec and 1300 kgf/cm^> 
collision relative speed 165 m/sec, silica slurry was 
respectively treated in same way as Working Example 1 , 
silica dispersion which it is possible was analyzed. 

Result is shown in Table 1 . 

[0059] 

Comparative Example I 
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Other than using homogenizer (squid make ultra cod O^"^, 
T-25 ) for mill, silica slurry was treated insame way as 
Working Example 1 . 

Furthermore, as for quantity of slurry which was treated at 
thequantity of 1/2 of Working Example 4, as for process time 
it made 1 hour. 

Result is shown in Table I, but with this method average 
particle diameter bycomparison with Working Example 1-3 
large, furthermore as for particle size distribution 50 - 800 nm 
wide ones. 

Because of that also evaluation of storage stability 3 days was 
bad. 

[0060] 

As understood from result above, as for method of this 
invention, the particle size distribution to be narrow dry type 
silica dispersed liquid where average particle diameter is 
smallcan be produced understood with high efficiency in 
comparison with prior art method. 

[0061] 

Working Example 4 

As dry type silica, Tokuyama Corporation (DB 69-057-1716 ) 
make; making use of Rheorosil QS-102 (specific surface 
area;205m^/g ), otherthan designating treatment pressure as 
1300 kgfcm^s collision relative speed 165 m/sec, silica 
dispersion was produced in same way as Working Example 1. 

Result of analysis is shown in Table 1 . 

[0062] 

Above-mentioned silica dispersion, slurry concentration 12 
wt%. viscosity 23.5 cPs average particle diameter being 44 
nm, range of 20 - 60 nm had sharp particle size distribution 

relatively, it was a uniform silica dispersion which has 
transparent sense which bluish applies a little. 

In addition, until gelation happens, days they were 1 5 days, 
butit shakes well, flow property recovers was light gelled state 
with . 

[0063] 

When surface silanol group density of silica which by way, 
this time is used wasmeasured, they were 4.3 

Unless with Japan Examined Patent Publication Hei 5-338 
surface silanol group density per 1 nm 2 is 0.3 or more 3 or 
less, particle does settling, you have expressed that viscosity 
becomes extremelyhigh, gelation is a problem which is done, 
but with method of the this invention which pulverizes silica 
slurry it opposes collides with , the surface silanol group 
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[0067] 
[0068] 



density being above-mentioned out of range , viscosity is low, 
uniform silica dispersion it is acquired you understood . 

[0064] 

Furthermore, surface silanol group density silica dispersion 
was produced in same way asdescription above concerning 
those of range of 1 - 3 /nm^ with the dry type silica of same 
grade as above-mentioned silica, making use ofthose 
immediately after producing and silica etc which between the 
several months is retained,, but result was almost same as 
descriptionabove. 

[0065] 

Working Example 5 

You measured potassium hydroxide aqueous solution 25g of 
deionized water 2615g and 1 N in poly canister of 5 liter, 
mixed. 

Next, dry type silica (Tokuyama Corporation (DB 
69-057- 1716) make; Rheorosil QS- 1 0^ specific surface 
area;138m^/g ) it throws 360 g to above-mentioned aqueous 
alkali solution,stirs with rod preparatory mixing was done 
with . 

silica slurry of paste which it is possible thrice was treated 
with treatment pressure 700 kgf/cm^^ collision relative speed 
105 m/sec making use of opposition impingement jet mill 
(Nanomizer make; Nanomizer„ LA-3 1 ), the silica dispersion 
which it is possible was analyzed. 

As for slurry concentration of this time as for 12 wt%^ 
viscosity it was a uniform silica dispersion of the milky white 
of 13.2 cP. 

Result of analysis is shown in Table 1 . 

[0066] 

Working Example 6, 7 

treatment pressure other than making 1000 kgC'cm^v 
collision relative speed 140 m/sec and 1300 kgf/cm^v 
collision relative speed 1 65 m/sec, it treated sihca slurry in 
same way as Working Example 5, analyzed. 

Result is shown in Table 1 . 

[0067] 

Like above, pH of silica slurry is designated as 8 or more, 
average particle diameter to become smaller depending upon , 
furthermore storage stability the greatly it improves you 
understood . 

[0068] 

Comparative Example 2 
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Other than using homogenizer (squid make ultra cod 0<"^*, 
T-25 ) for mill, silica slurry was treated insame way as 
Working Example 5. 

Furthermore, as for quantity of slurry which was treated at 
thequantity of 1/2 of Working Example 5, as for process time 
it made 1 hour. 

Result is shown in Table 1, but with this method average 
particle diameter to belarge by comparison with Working 
Example 5-7, furthermore also storage stability wasbad. 

[0069] 

Comparative Example 3 

Other than using ultrasonic cleaner (Output 200 W ) for mill, 
silica slurry was treated insame way as Working Example 5. 

Furthermore, as for quantity of slurry which was treated at 
thequantity of 1/10 of Working Example 5, as for process 
time it made 1 hour. 

Result is shown in Table 1 , but with this method average 
particle diameter to belarge by comparison with Working 
Example 5-7, furthermore also storage stability wasbad. 

[0070] 
[Table 1] 
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Working Example 8-10 
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Other than using dry type silica where specific surface area 
differs it treated the silica slurry in same way as Working 
Example 5, analyzed. 

Furthermore, with Working Example 8 with 16 g^ Working 
Example 9 with 35 g^ Working Example 10 65 g itchanged 
quantity of 1 N- potassium hydroxide aqueous solution, but 
slurry concentration with 12 wt% madefixed. 



Quantity of 1 N- potassium hydroxide aqueous solution other 
than making 88 g and 220 g, ittreated silica slurry in same 
way as Working Example 10, analyzed. 



Like above, increasing addition quantity of alkali, method 
which makes pH higher average particle diameter becomes 
small, understood . 



[0074] 
[Table 2] 



Result is shown in Table 2. 

[0072] 

Working Example 1 1-^12 



Result is shown in Table 2. 
[0073] 
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